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The use of a Geographic Information System and Remote Sensing 
Technology for monitoring land use and soil carbon change in 
the subtropical dry forest life zone of Puerto Rico 


Abstract 


Aerial photography, one of the first form of remote 
sensing technology, has long been an invaluable means to 
monitor activities and conditions at the Earth’s surface. 
Geographic Information Systems or GIS is the use of computers 
in showing and manipulating spatial data. This report will 
present the use of geographic information systems and remote 
sensing technology for monitoring land use and soil carbon 
change in the subtropical dry forest life zone of Puerto 
Rico. This research included the south of Puerto Rico that 
belongs to the subtropical dry forest life zone. The Guanica 
Commonwealth Forest Biosphere Reserve and the Jobos Bay 
National Estuarine Research Reserve are study in detail, 
because of its location in the subtropical dry forest life 
zone. 


As the primary source of data was used aerial 
photography, digital multispectral imageries, soil samples, 
soil survey maps, field inspections, and differential global 
positioning system (DGPS) observations. With the collected 
data was build a digital data base and relating it with a 
GIS. 


The information provided in this report is a valuable 
tool in the development of priorities for the management of 
the natural resources which are under natural or man-induced 
stress. For the Jobos Bay National Estuarine Research 
Reserve, a land use and land cover map for the year of 1995 
part of this report. Also for the Gudnica Commonwealth 
Forest Biosphere Reserve a series of six land use and land 
cover maps for the year 1936, 1950-51, 1963, 1971, 1983, and 
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1989. Those maps will be useful to those interested in the 
historical development of this region of Puerto Rico. 

Int.roduct.ion 


In accordance with the Ecological Life Zones of Puerto 
Rico and the United States Virgin Islands Map by J. J. Ewel 
and J. L. Whitmore scale 1:250,000 in which the 
Classification of World Life Zones or Plant Formation 
developed by L. R. Holdridge is used, most of the south part 
of Puerto Rico belongs to the subtropical dry forest life 
zone classification together with the east Ceiba, Ensenada 
Honda, Culebra, part of Viegues ; and in the west Mona Island. 
In the south of Puerto Rico includes Guayama, Salinas, Santa 
Isabel, Coamo, Juana Diaz, Ponce, Guayanilla, Yauco, Guanica, 
and part of the municipalities of Lajas and Cabo Rojo. 

The life zone are defined by mean annual values of the 
three major climatic factors of the environment, namely, 
heat, precipitation and moisture. However, it must be 
remembered that within a six-sided bar of the three 
dimensional life zone figure there may be a whole series of 
latitudinal and one basal life zone with identical 
biotemperature, precipitation and potential evapotranspi- 
ration range ratios. Additional climatic factors such as day 
length, atmospheric pressure and seasonal variations of 
radiation differentiate the life zones within each of those 
series. Quantitative values of those additional climatic 
factors are not needed on the diagram because they are 
correlated directly with mean annual biotemperatures and 
altitudes (Tosi, Jr. 1967). As the title of this report 
states, Geographic Information System (GIS) and Remote 
Sensing was used for monitoring land use and soil carbon 
change in the south part of Puerto Rico that belong to the 
subtropical dry forest life zone. 

This final technical report covered a period of over 
fourth years of intensive research. The original proposal 
was for three years, but an extension was granted with two 
new activities for an extra year. During that period of time 
also the principal investigator was doing other endeavors 
that enhance the quality of this research. The result of the 
Land Use and Land Cover Maps Series of the Guanica 
Commonwealth Forest Biosphere Reserve (Guanica Forest) was 
finish, the maps and their analysis are part of this report. 
During fiscal year 1995, the principal investigator receive a 
one year grant (Award No. NA47OR0476) from the National 
Oceanic and Atmospheric Administration (N0AA) to develop a 
digital data base of the Land Use and Land Cover of the Jobos 
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Bay National Estuarine Research Reserve (Jobos Bay Reserve). 
These results are also part of this technical report. 


With the detail study of these two important site within 
the Subtropical Dry Forest Life Zone of Puerto Rico, there 
are the Guanica Forest and the Jobos Bay Reserve, it will 
complement the unsupervised classification of the Airborne 
Ocean Color Imager digital image acquired in the NASA mission 
number 94-019, dated December 14, 1993. The Appendix 1 - 
Image Illustrations and Maps, shown all the maps and images 
mention before. 

Materials and Method 


Changes in forest cover over time are important because 
of the role forests play in the global carbon cycle, in 
global climatic trends, and in providing species habitat 
(Woodwell et al. 1984). Although understanding forest change 
is important worldwide, it is especially important in the 
tropics, where land use transformation is occurring very 
rapidly and where timely ground data are scarce. This 
research will provide a better understanding of global 
climate change, deforestation, global carbon budget and the 
impact of man on the environment. 

Along the study area, soil samples were taken and 
analyzed at the Soil Conservation Service Soil Survey 
Laboratory at Lincoln, Nebraska. A summary of the analysis 
are included in the Appendix 2, as bar graphs with a list of 
the identification and it location. The area that belong to 
the subtropical dry forest life zone within the Lajas Valley, 
Ponce, and Humacao Soil Surveys were digitized. On Appendix 
3 an index map for each soil survey and a list with the soil 
types are part of the appendix 3. 

Jobos Bay Reserve 

Jobos Bay National Estuarine Research Reserve is located 
on the southeastern coastal plain of Puerto Rico, within the 
subtropical dry forest life zone of Puerto Rico's tidal and 
submerged wetlands. Important wildlife habitats within the 
Reserve limits include coral reefs, extensive seagrass beds, 
sand beaches, fifteen small mangrove cays (known as Cayos 
Caribe) and the mangrove forest and lagoon areas of Mar 
Negro. Endangered species such as the West Indian manatee, 
hawksbill and green sea turtles, the brown pelican and the 
yellow shouldered blackbird live within the Reserve. 
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Jobos Bay Reserve and vicinity is subjected to different 
land use and land cover, which could be impacting its unique 
environmental characteristics. Examples of these include: 
extensive and intensive agricultural activity, thermoelectric 
power generation, sanitary landfills, residential areas, golf 
courses, and marinas. The ability to identify, quantify, and 
up-date these land use and land cover areas are valuable 
tools for future research and to ensure adequate management 
of the Reserve. Literature about land use and land cover of 
the Jobos Bay area is very scarce. The only reference 
available is Seguinot (1986). 

A photointerpretation of a variety of aerial photography 
was used as a primary source of information for the land use 
and land cover classification. Black and White (B/W), Color 
prints and Color Infrared (CIR) transparencies were the 
primary photographic sensors used. The CIR transparencies 
were taken during the December 1993 NASA Mission flight 94- 
019-HR-732, which cover the USGS Topographic Quadrangles 
series of 7.5 minutes of Salinas and Central Aguirre at scale 
of 1:20,000, also was used. Those topographic quadrangles 
were used for georef erencing the data. 

The land use and land cover designations followed the 
criteria of Mitchell et al. (1977), Milazzo (1980), and 
Anderson et al . ( 1976). Level 1 of the urban classification 
was the intensity identified in the aerial photography. 
Urban or build-up land is comprised of areas of intensive use 
with much land covered by structures . Forested wetland are 
wetlands dominated by woody vegetation. Forested wetland 
includes seasonally flooded bottom land hardwoods, mangrove 
swamps, shrub swamps, and wooded swamps including those 
around bods, Anderson et al. (1976). Nonforested wetlands 
are dominated by wetland herbaceous vegetation or are 
nonvegetated. These wetlands include tidal and nontidal 
fresh, brackish, and salt marshes and nonvegetated flats, 
brackish, and salt marshes and nonvegetated flats and also 
freshwater meadows, wet prairies, and open bogs, Anderson et 
al. (1976). Barren land is land of limited ability to 
support life and in which less than one-third of the area has 
vegetation or other cover. In general, it is an area of thin 
soil, sand, or rocks, Anderson et al. (1976). Agricultural 
land may be defined broadly as land used primarily for 
production of food and fiber, Anderson et al. (1976). 

Some land use and land cover designations were modified 
to facilitate the mapping. For Forest land was used the 
open/closed forest designation of FAO (1993). Closed forests 
are forests whose canopies cover all the land surface and the 
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photointerpreter cannot see the forest floor. Open forests 
have open canopies and the photointerpreter can see the 
forest interior on the aerial photography. The Dry forest is 
a land use and land cover classification that was especially 
designated for this photointerpretation. Dry forests are 
forests of dry or brown bushes and dry grass in the slope of 
a hilly terrain. The Grass classification is a level 2 
category of Agricultural land, where the texture of the 
aerial photography look smooth as grass. The Water 

classification are those polygons that follows in the 
categories of lakes (like Lago Melania) or ponds for 
agricultural purposes. 

In summary, the different land use and land cover 
polygons include: Urban and build-up areas; Agricultural; 

Grass; Dry forest; Forest land open; Forest land closed; 
Forest and Non-forested wetland; Water; and Barren land. In 
addition to the photointerpretation, field inspections were 
performed. The location of the toll highway PR-53 and 
connecting roads was performed using differential global 
positioning system (DGPS) observations in a mobile mapping 
mode. 


The conversion of the remote sensing data from the 
aerial photography to digital form is the foundation for the 
digital data base. As a GIS software, it was used PC 
Arc/Info version 3.4.2 develop by Environmental Systems 
Research Institute, Inc. of Redlands, California. For PC 
Arc/Info a coverage is a homogeneous class of data within a 
digital map, such as roads. In a coverage, map features are 
stored as simple points, lines, or polygons. Thematic 
descriptors, such as feature name, symbol, classification and 
any other desired attributes for each point, line, or polygon 
are stored in feature attribute tables. As part of the 
digital data base were developed the following coverages : 
Jobos, Carrl, Carr2 , Rio, and Muni. A plotting file is the 
file for plot a digital map. The plotting file content the 
digital map entitle Land Use and Land Cover 1995 Jobos Bay 
National Estuarine Research Reserve, within all coverages 
mention previously. 


Guanica Forest 


Guanica Forest was declared part of the international 
network of biosphere reserves by the United Nations on 
October 2, 1981. Guanica Forest was studied in order to 

establish the standard to measure the effects of man's impact 
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on his environment in other parts of the south of Puerto 
Rico. 


The Guanica Forest encompasses approximately 4,010 ha in 
the southwestern coast of Puerto Rico. The Guanica Forest is 
unique because its land use history is well known and forest 
vegetation has been studied extensively beginning in the 
1920 's (Gleason and Cook 1926). Other studies describe 
vegetation structure, productivity, and dynamics (Lugo et al. 
1978, Murphy and Lugo 1986a, Lugo and Murphy 1986). Results 
of experiments involving perturbation of vegetation by 
cutting and applying herbicides are also available (Ewel 
1971, Murphy and Lugo 1986a). 

The northern, and western limits of the study area were 
delimited by the two USGS quadrangles (Guanica and Punta 
Verraco) that contained the Guanica Forest. These topographic 
maps were also used as base maps for the photointerpretation. 
The southern limit of the study area was the coast line. It 
was used all the aerial photography available for the region 
from the Photogrammetry Office of the Puerto Rico Highway and 
Transportation Authority. For the map labeled 1950 to 1951, 
two years are used because the photos were taken during 
December 1950 and January 1951. 

Maps includes what could be seen in the photos. Close 
study of maps shows that some trails were shown in the 1950 
to 1951 map but not in the others. This is because some of 
the trails were not clearly visible in some years. The 
charcoal pits were only visible in the 1936 photos. However, 
they are hard to detect and not all individual charcoal pits 
were mapped. Charcoal production in Guanica Forest ceased at 
the end of the 1940s. 

The land use designations followed the criteria of 
Mitchell et al. (1977), Milazzo (1980), and Anderson et al. 
(1976). It was classified as urban or built up land anything 
that had concrete or tarmac and used their level 1 
designation of the suggested urban classification protocol. 
Some land use designations were modified to facilitate the 
mapping and adapt protocols to the particular land uses of 
Gudnica Forest. For forest cover we used the open/closed 
forest designation of FAO (1993). Closed forests are forests 
whose canopies cover all of the land surface and the photo 
interpreter could not see the forest interior on the aerial 
photo. Trees tend to have a wider spacing in open forest 
designation compared to closed forests . Field survey suggest 
that some open forests were disturbed forests in younger 
stage of development which over time, matured into closed 
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forests . Other open forests also occur were mature stages of 
forests growing under harsh edaphic conditions . These stands 
remained open forests for decades , even in the absence of 
disturbance . 

Beachesand rocky shores are grouped as natural barren 
land. Mangroves are forested wetlands. Salt flats are grouped 
into the non-forested wetlands category. However, these salt 
flats can flood, in which case they were interpreted as 
water. The timing of rains relative to the time of the 
photography can thus affect the interpretation of the land 
use. Quarries and sanitary land fills were classified as 
artificial barren lands. The category other barren lands 
included abandoned house and baseball park sites now being 
studied by S. Molina, and cutting and herbicide experiment 
conducted by Ewel (1971). 

Once the base maps were finalized, they were digitized. 
Areas under each land use within and outside of the forest 
boundary as well as for all the study area were estimated for 
each map. Table 2 shows each land use and land cover 
classification with their total area in hectares, within 
forest boundary, outside forest boundary and all Guanica. PC 
Arc/Info was used for the digitalization and all the 
analyses . 

Subtropical Dry Forest Life Zone 

The image illustration entitle AOCI Puerto Rico 
Subtropical Dry Forest Life Zone show the Airborne Ocean 
Color Imager (AOCI) Rawdata, each band wavelength in 
micrometer and a color composite of the area using three 
bands. The AOCI is a high altitude multispectral scanner 
designed for oceanographic remote sensing. It provides 10-bit 
digitization of eight bands in the visible/near infrared 
region of the electromagnetic spectrum, plus two 8-bit bands 
in the near and thermal infrared. The ground resolution at 
an altitude of 65,000 feet is equal to 163 feet(50 meters). 

The unsupervised classification is when the computer 
separates the pixels into classes with no direction from the 
analyst. The unsupervised classification of the AOCI image 
of the south of Puerto Rico results are shown in the Image 
Illustrations entitle Land Use Classification Puerto Rico 
Subtropical Dry Forest Life Zone. Using the same 

unsupervised classification of the AOCI image of the 
subtropical dry forest life zone of Puerto Rico where 
encompass the Guanica Forest and the Jobos Bay Reserve were 
enlarged. The ELAS program was used for the unsupervised 
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classification, automatically defined 25 classes for the 
scene. After the 25 unsupervised classes were calculated, 
each class was displayed for inspection, after that, was 
combined various categories into the six classes shown in the 
Image Illustrations, there are: Forest, water, urban, bare 
soil, agricultural /pasture and clouds. 

The general distribution of the patterns of the Image 
Illustration -Land Use Classif ication-Guanica Commonwealth 
Forest and Land Use Classification - Jobos Bay National 
Estuarine Research Reserve are similar to the patterns of the 
photointerpretation of the maps of Land Use and Land Cover 
1989 Guanica Commonwealth Forest and Land Use and Land Cover 
1995 Jobos Bay National Estuarine Research Reserve, although 
the output of 1989 and 1995 have more detail in there 
classes . 


Results 


It can be pointed out that the general distribution of 
the patterns of the Image Illustration - Land Use 

Classification - Guanica Commonwealth Forest and Land Use 
Classification - Jobos Bay National Estuarine Research 
Reserve are similar to the patterns of the 
photointerpretation of the maps of Land Use and Land Cover 
1989 Guanica Commonwealth Forest and Land Use and Land Cover 
1995 Jobos Bay National Estuarine Research Reserve, although 
the output of 1989 and 1995 maps have more detail in there 
classes than the Image Illustrations. 

The prevailing land use and land cover classification on 
the Jobos Bay Reserve area (area within the Salinas and 
Aguirre USGS Quadrangles) was agricultural land, followed by 
urban or build-up land. Table 1 shows each land use and land 
cover classification with their total area in hectares. 
Figure 1 shows the percentage distribution of each land use 
and land cover polygon of the Jobos Bay National Estuarine 
Research Reserve ( JBNERR ) . 

A color map entitle Land Use and Land Cover 1995 Jobos 
Bay National Estuarine Research Reserve is a hard copy of the 
plotting file. This plotting file was plot on a 8 1/2" by 

11" paper, but the fonts are design for a plot on a 24" by 
36" paper. 

For each of the six Land Use and Land Cover Maps of 
Guanica Forest there will be a quantitative analyses, for 
each one of the land use and land cover classification on 
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table 2. Also the total forest cover designation is the sum 
of open and closed forests, forested wetlands, and tree 
plantations. Total natural vegetation was total tree cover 
plus non-forested wetlands. Natural areas was the total of 
natural vegetation, natural barren land, and water. 
Converted lands was the sum of artificial barren lands, other 
barren lands, urban or built-up lands, and agricultural 
lands . 


Table 1. Land Use Classification 

of the Jobos Bay Study Area 

Land use 

Area ( hectares ) 

Agricultural land 

8,715,440 

Barren land 

256,260 

Urban and build-up areas 

1,525,920 

Grass 

98,360 

Water 

71,720 

Dry forest 

1,137,220 

Forest land open 

234,080 

Forest land closed 

280,970 

Forest wetland 

1,256,530 

Non-forested wetland 

219,390 
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JBNERR Land Use & Land Cover Percent 
Distribution 



■ Agricultural 

□ Barren Land 
0 Urban 

0 Grass 

□ Water 

□ Dry Forest 
O Forest Open 
D Forest Closed 
H Forest Wetland 

B Non-Forest Wetland 


Figure 1 
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34.76 


26.24 
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Forested wetland 


62.54 


69.40 

76.75 

77.43 


77.78 

87.86 

Non-forested wetland 


83.14 


73.02 " 
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5537.33 
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Total natural vegetation 
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Total natural areas 
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Table 2. Area of the land use categories within and outside 
Guanica Forest and in all the area of the study in the 
quadrangles of Guanica and Punta Verraco between 1936 and 
1989. All values are in. hectares. Text defines each land use. 
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In 1936, the main land use within the boundary of 
Guanica Forest was closed forest, followed closely by open 
forest (Table 2). There were 151 ha of agricultural lands 
within the forest boundary. Outside the forest boundary, the 
main activity was agriculture with closed forests 
representing half as much area as agriculture. Urban land 
use was 136 ha. Agriculture was the major land use in the 
region as a whole, followed in order by closed forest, open 
forest, water, and urban land use (Table 2). 

During the 1936 time period, the prevailing forest type 
in the eastern portion of the Gudnica Forest was open forest. 
Canyon vegetation is clearly delimited as closed forest and 
can be identified by the north-south orientation of the 
canyons, which are drainage channels during storm periods. 

Most charcoal pits were located within the matrix of open 
forest and were easier to detect than in later periods. Near 
the northern limit of the eastern portion of Guanica Forest 
appears a large tree plantation of Haematoxylon campechianum. 
Closed forest areas are concentrated north of Guanica Forest 
boundary and on the western limits of the 1936 maps. Urban 
uses were concentrated around the town of Guanica and the 
sugar mill at Ensenada, both to the west of the Guanica 

Forest. Forested and non-forested wetlands are all coastal. 

The large coastal plantation south of the boundary of the 
Gudnica Forest, was a coconut plantation. A portion of 
Guanica Lagoon is visible on the north-west portion of the 
1936 map. The Bay surrounded by urban and wetland (forested 
and non-forested) uses is Guanica Bay. 

By 1950, the area of closed forest increased within 

Guanica Forest while open forest and agricultural land 

decreased (Table 2). Urban built-up land multiplied 13 fold 
to 3.5 ha. The dominant land uses outside Guanica Forest 
retained their 1936 ranking, but had a different absolute 

areas. However, closed forest became the dominant land use 
for the study area and exceeded the area of agricultural 

lands by 1,000 ha. During this period there was also a 
dramatic increase in the area of artificial barren land and a 
reduction in the area of natural barren land. 

The 1950-51 map shows the expansion in area of the 
Guanica Forest. After 1950, Gudnica Forest had a western and 
eastern sector with Guanica Bay and other public lands in 

between. This land use map illustrates the expansion of 
closed forest at the expense of what was open forest in 1936. 
The eastern and western portions of Guanica Forest east of 
Guanica Bay, were areas of rapid change from open to closed 
forest with charcoal pits in 1936, appears as open forest. 
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The changes in land use in the western portion of the 
Forest were not as dramatic as those in its eastern portion. 
On the northwest sector south of GuAnica Lagoon, one can 
notice the expansion of closed forest and open forest at the 
expense of agricultural land. The Guanica Lagoon was invaded 
by agricultural land use. Large areas of barren lands appear 
on the east and north central portions of the 1950-51 map. 
Around the Guanica Bay one can see a small expansion of urban 
land and a large expansion of agricultural lands. Other 
barren lands decreased in area near the Guanica Bay and were 
converted to urban use. There is also urban land expansion 
on the northeast of the map area. Agricultural land use 
remained constant on the northwestern central region of the 
map. 


There were no dramatic changes in the rank order of land 
uses within the Guanica Forest between 1950 and 1963 (Table 
2). However, agricultural land use was reduced from 74 to 14 
ha. Outside Guanica Forest, agricultural lands remained 
constant in area and were the dominant land use. The most 
dramatic land use change was the reduction of water as a 
result of the drainage of Guanica Lagoon, which disappeared. 
The Commonwealth Government of Puerto Rico drained the lagoon 
to use its bottomland for agriculture. Non-forested wetland 
area also increased between 1950 and 1963. The rank order of 
the top five land uses for the region as a whole remained the 
same in 1963 as it was in 1950, with closed forest being the 
dominant land use. 

The 1963 map, reflects the consolidation of closed 
forest over most of the eastern portion of Guanica Forest. 
Pockets of open forest remain on the southern portion of 
Guanica Forest. Some of these pockets are associated with 
limestone outcrops with very thin soils which cannot support 
closed forest (Lugo et al. 1978). Open forest in 1963 had 
also invaded lands under agricultural use in 1950, i.e., 
north of the Guanica Bay. Urban uses increased around the 
town of Guanica, but also appear near the boundary of Guanica 
Forest northeast and north of the town of Guanica. Urban 
expansion also occurred to the northeast of the 1963 map, and 
inside Guanica Forest (the house of the forest guard and as 
facilities in the public beach, Cana Gorda). Large artificial 
barren lands appear on the western central portion of the 
1963 map. The Gudnica Lagoon disappeared in this map and its 
land was used for agriculture. Coastal wetlands and salt 
flats (natural barren lands) show interesting dynamics 
(between 1936 to 1963) just west of the town of Guanica on 
the north shore of Guanica Bay, and just west of the coconut 
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plantations and east of Cana Gorda Beach (south central shore 
of the Guanica Forest). Cintron et al. (1978) contains soil 
salinity data and describe periodic disturbances that explain 
these wetland dynamics. 

By 1971, closed forest became an overwhelming dominant 
land use inside Guanica Forest (Table 2). Other land use 
remained minor in area, with the exception of open forest 
with some 292 ha which was ten times smaller than the area of 
closed forest. Outside the Guanica Forest boundary, 
agriculture and closed forest remained the main land uses 
(agriculture had twice the land as closed forest), but the 
urban area exceeded by a small margin the area of open 
forest. Nevertheless, the area under urban use remain lower 
than the area of open forest on the region as a whole. 

The area of closed forest on the northwest portion of 
the study area reverted back to open forest. A long strip of 
closed forest land on the northwest boundary of the 1971 map, 
also reverted to open forest. Moreover, a long strip of open 
forest appeared just at the boundary of the municipalities of 
Guanica and Lajas, on what was agricultural lands. Urban 
areas continued to expand with new pockets appearing on the 
north and northeastern sectors outside Gudnica Forest. Lands 
west of Guanica Bay, classified as open forest in 1963, were 
transformed to closed forest in 1971. In that region of the 
map, lands that were classified as urban in 1963, reverted to 
agricultural land in 1971, one of the few instances when this 
land use transformation occurred. A hectare used in research 
on forest dynamics (Ewel 1971) is visible in the center of 
the eastern portion of the Guanica Forest and was classified 
as "other barren land" . 

By 1983, agricultural land reach a minimum area (2.5 ha) 
and urban land use was reduced inside Gudnica Forest. Closed 
forest remain the dominant land use, with all other land uses 
covering small land areas (Table 2). Agricultural land was 
reduced in area, closed forest increased in area, and urban 
use had a dramatic increase outside the Gudnica Forest 
boundary. In the region as a whole, closed forest land 
increased and continued to dominate the region's land use. 
Agricultural land use decreased and urban land area 
increased. Open forest reached a low area of 319 ha. 

In 1983, the geographic expansion of closed forest at 
the expense of open forest and agricultural land reached a 
peak. Only scattered open forest areas are visible in the 
1983 map and they correspond mostly to limestone outcrops. 
On the northwestern portion of the map, the large area of 
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open forest in 1971, reverted to closed forest. Urban areas 
expanded considerably; mostly towards the west of the region, 
but also near Yauco on the east, and around Cana Gorda on the 
south. A large area of barren land developed south of an 
urban area in the central portion of the map. The 
agricultural lands that had substituted the urban area in 
1971, was converted to open forest in 1983. Closed forest 
developed behind the salt flat west of the town of Guanica, 
and a small patch of closed forest is seen inside the salt 
flats. This closed forest patch developed from an open 
forest patch that occurred there in 1971. 

In 1989, the main land use inside Guanica Forest was 
closed forest (Table 2), distantly followed by open forest. 
All other land uses covered a small land area (40 ha). 
Closed forest exceeded agricultural land as the main land use 
outside Guanica Forest. Open forest was third in area with 
an increase of 939 ha relative to 1983. The other main land 
use outside the forest boundary was urban. For the region as 
a whole, the rank order of land uses was the same as that 
outside Guanica Forest: closed forest > agriculture > open 

forest > urban. Artificial barren land decreased to 12 ha. 

In the 1989 map, a large fraction of agricultural land 
on the north west of the study area was converted to open 
forest. The large narrow strip of land on the western 

boundary which was open forest in 1971, appeared as closed 
forest in 1989. Most of the land mass south of the Guanica 
Forest northern boundary was closed forest with very few 
pockets of open forest. Urban areas grew and small patches 
consolidated into larger areas in many instances. The strip 
of mangroves on the north shore of Guanica Bay, west of the 
town of Gudnica, reached its maximum thickness. The original 
(1936) mass of agricultural land was fragmented into three 
large segments to the west, north central, and eastern sector 
of the study area. 


Discussion 


The hills of the Guanica Forest vicinity and much of the 
Gudnica Forest are underlain by the Ponce limestone, a Mid- 
Tertiary, pink to white, fine grain limestone. In addition, 
alluvial and colluvial deposits occur in valleys and at the 
bases of the low-lying hills. Soils in the area distinguished 
by parent material, rock content, and pedon thickness 
(Roberts 1942). The most common soil in Gudnica Forest and 
adjacent area included in the land use maps is a dark to 
grayish brown, friable pedon derived from relatively soft 
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limestone. These calcimorphic soils were originally 
classified in the Rendzina Great Soil Group and were 
considered to have "low agricultural value and low carrying 
capacity" (Roberts 1942). More recently, soils in 
experimental plots within the Gudnica Forest have been 
grouped into the mollisol soil order (Murphy and Lugo 1990). 
These soils have a high pH (7.8), relatively high organic 
matter content (18 to 23 percent), and occur in areas were 25 
percent of the ground surface is exposed rocks. Soil creep 
within these pedons maybe limited to the upper soil profile 
and while it is a relatively slow process, measured creep 
rates are comparable to creep rates observed in other mid- 
latitude dry lands (Lewis 1975). 

The trends in land use and land use change in the study 
area are very clear. Urban use and natural vegetation have 
increased steadily at the expense of agricultural and barren 
land. Forests changed from open to closed and mangrove 
forests expanded in area. The fraction of barren land 
decreased over the period of study. These changes reflect 
significant changes in the economy of the area. The 
transition from an agrarian to an urban society is perhaps 
the main causal agent of land use change in the region. When 
agriculture was the prevalent human activity in the region 
(period of 1936 to 1971), forests were open, and charcoal 
pits and exposed barren lands were a conspicuous aspect of 
the landscape. Roads, trails, and tree plantations were also 
plainly visible while urban areas were a low fraction of the 
landscape. Large-scale activities such as draining of Guanica 
Lagoon took place during this time. 

The decline of agricultural activity unleashed rapid 
trends of land use change that included the increase in urban 
area, the maturing of open forests towards closed forests, 
the expansion wetlands, and the reduction of barren lands. 
For example, the decline in agricultural activity is usually 
associated with increases in mangrove areas because of 
abandonment of drainage canals along the coastal areas. The 
result is the restoration of hydrological conditions 
favorable for the expansion of mangroves. 

Areas that were under agriculture in 1936 were used for 
a variety of land uses in 1989. After 53 years, 45 percent of 
these lands remained in agriculture and 43 percent had been 
converted to either open or closed forests. Twelve percent of 
these relatively fertile agriculture lands had been urbanized 
by 1989. 
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In 1936, agriculture within the present forest boundary 
was found on 5 different soil types. Sixty nine percent of 
this agriculture was on Aguilita clay, a shallow, dark to 
grayish brown, friable soil derived from soft limestone (Soil 
Type 17 of Roberts 1942). The Ensenada clay (type 14), a 
shallow, red, friable soil derived from limestone, supported 
27 percent of the 1936 agriculture. Both of these soils were 
not considered suitable for cultivated crops and were 
recommended for cattle pasture or charcoal production. By 
1989, forest occurred on all the soil types that had 
agricultural on them in 1936. This suggests that if the 
opportunity and time are available, dry forest vegetation can 
be restored on a diversity of soils, even those considered 
relatively infertile. Moreover, soil type is not an 
impediment to the restoration of this forest ecosystem. 

The rates of land use change were higher inside Guanica 
Forest compared to outside the Forest. The transition towards 
a natural landscape was much faster under the protection of 
Guanica Forest than it was outside, where agricultural and 
urban use of the land remained active. However, the landscape 
as a whole changed towards a more natural state with more 
mature vegetation as a result of the protection management of 
the Gudnica Forest and the doubling of the protected forest 
area . 

There were alarming land uses changes between 1983 and 
1989, which have exacerbated in recent years. The area of 
closed forest decline and that of open forest increased. Open 
forest tends to increase after agricultural lands are 
abandoned or when closed forest is disturbed. In Guanica 
Forest area, forest lands are being converted to urban uses, 
a trend that places mature vegetation in closed proximity to 
intensive urban uses. These intensive urban uses are 
associated with abundance of exotic species, including feral 
mammals that endanger mature forest wildlife such as the 
mariquita and guavairo, both endangered species. Clearly the 
boundary of the Biosphere Reserve requires protection by 
buffer zones of land uses that slowly increase in intensity 
with distance from the central core of mature vegetation 
inside Guanica Forest (cf. Lugo 1990, Canals Mora 1990). 

Fundamentals of Remote Sensing Workshop 

With the idea of spread the interest and knowledge of 
the fundamentals of Remote Sensing within the future Land 
Surveyors, a workshop for the students of the Land Surveying 
Program and others students of the Mayagiiez Campus was 
offered during the summer of 1995. This fundamentals of 
Remote Sensing Workshop (FRSW) was presented in two session 
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for a maximum of ten students in each one, with a duration of 
five days of 7.5 hours per day each session. 

This FRSW was presented by two instructors , the 
principal investigator of this project and professor Jose L. 
Flores Malave, both from the Land Surveying Program of the 
Civil Engineering Department. The participants received a 
remuneration in addition to the experience and knowledge. 
The workshop was announce in the bulletin board on campus, 
and by mail to the Land Surveying students. The selection 
was based on the student grade point average and in an essay 
where he or she was demonstrated their interest. The two 
session where on July 10 to 14, 1995 and August 7 to 11, 1995 
at the facilities of the Land Surveying Laboratory. A list 
of participants for each session are part of Appendix 4. 

The topics that was covered during the FRSW are 
presented on the schedule in the Appendix 4. A field trip to 
the Guanica Forest was offered at the middle of the week, so 
they were able to correlate the research with the reality. 
The copies of the evaluation forms filled out by each 
participant of the FRSW are also included in the Appendix 4 . 
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Appendix 1: Image Illustrations and Maps 


Airborne Ocean Color Imager (AOCI) - Puerto Rico 
Subtropical Dry Forest Life Zone 

Land Use Classification - Puerto Rico Subtropical Dry 
Forest Life Zone 

Land Use Classification - Guanica Commonwealth Forest 

Land Use Classification - Jobos Bay National Estuarine 

Reserve 
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Research Reserve 
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Appendix 2: Bar Graphs of the Soil Samples Analysis 


Sample ID Sample Loc. 

S93PR-055-001 Maniel PR-334 Km. 4.18 Guanica 
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S93PR-05 5-002 Ballenas S of Plantation Guanica 


S93PR-05 5-003 Ballenas Trail S of Guayacan Guanica 
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S93PR-055-004 Ballenas 300 ft. N of PR-333 Guanica 


S93PR-055-005 Evergreen Comm. Gutierrez Trail Guanica 


S93PR-055-006 Granados Trail 500' ENE of Beginning 


S93PR-05 5-007 Surface Sample 1 00ft. SW of RPT August 92 
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S93PR-05 5-008 Lajas Exp. STA. 1 /4 Mi. E of LAB 


S92PR-000-001 Just S of HWY 333 along Guanica Path Sothware 


S92PR-000-002 Lat 1 7°-58'-1 5"N Long 66 < ’-51'-57"W 


S92PR-000-003 Lat 1 7°-58'-l 0"N Long 67°-1 1 '-43"W 


S92PR-000-004 Lat 17°-59'-3"N Long 67'-07"W 


S92PR-000-005 Guanica Forest 


S92PR-000-006 Guanica Forest 


S92PR-000-006A Guanica Forest 


S92PR-000-007 Guanica Forest 
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S02PR-000-008 Guanica Forest 


S92PR-000-009 Guanica Forest 


S92PR-000-009A Guanica Forest 
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Appendix 3 : Digital Soil Survey Mans and Soil Types Index 


Lajas Valley Soil Survey 
Ponce Soil Survey 
Humacao Soil Survey 
Lajas Valley Soil Types Index 
Ponce Soil Types Index 
Humacao Soil Types Index 
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Ponce Soil Survey 
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Ponce Soil Survey 
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Appendix 4 : Fundamentals of Remote Sensing Workshop 

Fundamentals of Remote Sensing Workshop Schedule 

List of Participants at the Fundamentals of Remote Sensing 
Workshop during the week of July 10 to 14, 1995 

List of Participants at the Fundamentals of Remote Sensing 
Workshop during the week of August 7 to 11, 1995 

Evaluations Forms filled out by the participants 



Fundamental of Remote Sensing Workshop 

Schedule 


Pav One 

Start at 8: 15 a m. 

Instructions for the week, breaks, 
participation and other requirements 

Why a Fundamental of Remote 
Sensing Workshop (FRSW) and their 
relationship with NASA? 

What is NASA? 

Video: NASA the 25th year 
Duration 50 minutes 
Break 1 0:00 to 1 0: 1 5 a.m. 

What is Remote Sensing? 

Lunch 1 1 :45 a.m. a 1 :00 p.m. 

Basic Principles of Remote Sensing 
Break 3:00 p.m. to 3:15 p.m. 

Photographic Sensors 
End 5:00 p.m. 

Dav Two 

Start 8:15 a.m. 

Principles of Photointerpretation 
Break 10:00 to 10:15 a.m. 

Exercise of Photointerpretation 

Lunch 11:45 a.m. a 1:00 p.m. 

Land Uses Maps of Guinica Dry 
Forest by Remote Sensing 
Break 3:00 p.m. a 3:15 p.m. 

NASA Grant NAG13-17 
Video: Sentinels in Space 
Duration 20 minutes 
End 5:00 p.m. 

Dav Three 

Visit to the Guinica Dry Forest 
Departure at 7:30 a.m. 

Return at 5:00 p.m. 


Dav Four 

Start 8:15 a.m. 

Video: LANDSAT: 15 years of 
Learning Duration 15 minutes 
Sensors and Platforms 
Break 10:00 a 10:15 a.m. 

Remote Sensing Tutor at CAIDEL 

Lunch 1 1 :45 a.m. a 1 :00 p.m. 

Visit to LARSIP at S-222 
Break 3:00 p.m. a 3:15 p.m. 

continues the visit to LARSIP 
End 5:00 p.m. 

Dav Five 
Start 8:15 a.m. 

Mission to Planet Earth 
Video: Climate Factor 
Duration 30 minutes 
Video: Beyond the Clouds-The 
Upper Atmosphere 

Duration 1 0 minutes 
Break 10:00 a 10:15 am. 

El Niflo 

Global Warming 

Clouds and the Energy Cycle 

Lunch 1 1 :45 a.m. a 1 00 p.m. 

Biosphere 

Ozone:What is it, and why do we 
care about it? 

Volcanoes and Global Climate 

Change 

Video: In the Shadow of Versuvius 
Duration 60 minutes 
Break 3:00 p.m. a 3:15 p.m. 

Summary 

Evaluation of the workshop 
End 5:00 p.m. 
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z. 

Organlzactdn del contenldo 



' "■ 



3. 

Partlcipacldn de los 
aslstentes 






4. 

Dowinlo del teswi por los 
recursos 






5. 

T£cnlcas y naterlales utill- 
zados en la actlvidad 






6. 

UtU Izacldn del tlesipo 






7. 

La actlvidad satlsflzo mis 
expectatlvas sobre el testa 

O' 




! 


Coasentarios 


y , L 



u 


Zft. 



om? 


/ 

* ,y ' /,~ 

A tyfAL 


ist \£Loc&usd JAwdh 


/ USU b/ 



, / £ M$y 2 , •tfMyO'Q p -tlA /^U> 

-O (% r YAlA&Ar f £l< iP-t) EouM, ^^o"i'n r Ty Ewpio nrFn - wemm=^ i / /0 u>o sf ' 1 ' £ f r i* ?f 


'M 


■Y'j 





Dcpartamenio dc Ingenierfa Civil 
Facvllad dc Ingenierfa 

Rccinto Univcr sharia dc Mayagiicz 
Apartado 5000 

Mayagiicz, Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Faculty 

Mayagiicz Campus 
r.O. Box 5000 

Mayagiicz, Puerto Rico 00681-5000 


IKMA 1)1 tYAUJACIQN 


le agradecercros curpl I rentes la slguicnte hoja de evalyaeidn. 

NcHbrc de la Actividad: 

Fee ha: 7 /lb, ZLI / 7 A " Lug 3 r: cXv>/via^X Gsy jjj 

Favor tie evaluar esta actividad utiHzamJo la slguiente escala: 

S Excelente 2 Regular 

4 Muy buena 1 Deficlente 

3 Buena 





r — — 

5 

4 

3 

2 

1 

1. 

iBportancia del contenldo 

X 





2. 

Qrganlzacldn del contenldo 

X 





3. 

Partlcipacldn de los 
asistentes 

X 





4. 

Dowlnio del tena por los 
recursoa 

A 





5. 

Ticnlcas y naterlales util 1 - 
zados en la actividad 

a 





6. 

Util izacidn del tfempo 

X 





7 . 

La actividad satisfizo ais 
expectativas sobre el te**a 

J 

X 




1 


Coaentarlos: ^ ^ ^ f 


JU 


— — b^o ffg. X fl- . JIa? 


I 


AN EQUAL OPPORTUNITY EMPLOYER Urrm 



Civil Engineering Department 
Engineering Faculty 

Mayagfici Campus 
r <). Box 5000 

May a vile 2, Puerto Pico 00681 -5(V0 


T? agradecererws cu^l 1 rentes la siguiente hoja de evaluation. 

/ 

Hosdbrc de la Activldad: 3iA/)C& W X C$£L 0 > Mf'OJZtlJ)~h^ 


Ikwd&L 


•chi : _ 

?//6-K j ^5 

Luqar: X. C t(fU 

Favor 

de evaluar esta activldad 

utillzando la slgulente escala: 

5 

Excelente 

2 Regular 

4 

Huy buena 

1 Deflclente 

3 

Buena 



Departamcnto dc Ingcnicrfa Civil 
FaculUui de Ingcnicrfa 

Recinto Universitario de Mayaguez 
Apartodo 5000 

Mayaguez, Puerto Rico 00681 -5000 




. V - . , . 

-'a* / 


I KM A DE EVAUMCIttl 



5 

4 

— 

3 

Z 

. _ 

1 

1. 

Important la del contenldo 

JL_ 


-■ — - — 



2. 

Organizacldn del contenldo 

X 





3. 

Participacldn de los 
asistentes 

X 





4. 

Domlnio del te«a por Jos 
recursos 

X 





5. 

TOcntcas y naterlales util 1 - 

1 

zados en la activldad 

X 





6. 

Util Izacldn del tiespo 

A 





7. 

La activldad satisfizo als 
expectatlvas sobre el tewa 

X 






Coeentarios: 1 L UM Jk&UK 

JLl & MS L Q^j/sicU OU2A Q& £4% 

Gap&&i J k) c/mocuyi'mht) M idM&zik 


AN EQUAL OPTORTVNrrv EMPLOYER - M/T/V/H 



Depart amenta de Ingenierfa Civil 
Faculfad de Ingeniena 

Rccinto Universitario de Mayagiiez 
Apartado 5000 

Mayagiiez, Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Faculty 


Mayagiiez Campus 
P.0 . Box 5009 

Mayagiiez, Puerto Rico 00681-5000 


B*W/i DE EYALUACION 


Te agradeceroses cisrpli Rentes la siguiente hoja de evalyacldn. 

J ; f (/lav fff fO^-wwiC 


de la Actlvidad: 




S » A f\ 


lyJ rv t< 0*'f/ • 


y ^ 

Fecha : ^.(io D - [E_ d± '' ^ S“~* lLu9 ’ air: >H • ( " i 

Favor de evaluar esta actlvidad util Izando la slguiente escals: 
5 Excelente 2 Regular 


4 Huy buena 


Reficlente 


Buena 


1. l^portancia del contenldo 

2. Qrganlzacldn del contenido 

3. Participation de los 

asistentes 

4. Doalnlo del teaa por ios 

recursos 

5. Tdcntcas y ©aterlales utili- 
zados en la actlvidad 

6. Utillzacidn del tlespo 

7. La actlvidad satisf Izo ssls 
expectativas sob re el tema 


5 

4 

3 

Z 

1 










-■-* — 












'y 




j 











Conentarios 

: /f-j t 


jP f { $\ \ i 

J-C 

^u. J 

1 v 

/ 

D 

{ £ y t-c {/€ ?jrv\ 

} 

» /Ci ? 5 «v (tK 

^ 

' S 

V 

b«ji ci' A > 

wmnam 

/ / / 
ax * 


: — /- 


v\ \ 

A 

a. a c • s ' 2 

^ s — 

U£ 

i — 4 — ~ 


AN EQUAL OPPORTUNITY EMPLOYER - M/BV/H 





Departnnu'tUo de Ingrnirrfa Civil 
Facullad de Ingenierta 

Recinto Univrrsitar io de Mnyagiicz 
A part ado 5000 

yt f ayagfie z. Ft \e rto R i co 006S / -5 WO 



Civil Engineer '"tg PrfirtmciU 
EViginccii '.g Facnfty 


Mnyagdez Campus 
F.O . Pox SOW 

Mayagucz, Puerto Pico 0068 h 5 (VO 


IKXJA BE EYALUACIQft 


le agr adecercreus crpl Isfcntes la slgulcnte hojs de evaluacldn. 

!Kr4.*re de la Actlvldad: F de ?ps\+/?<r’r;s 7 

{Kzhl r ~ 1 ~~ 

Fee ha: 7Tw f fS Lugar : fc[ <l\ a c Ax' 7n\ O o , / Cj /2 

Favor de evaluar esta actlvldad utIHzando la slgutnnte escala: 

5 Excel ente 2 Regular 

4 Muy buona i Deficlente 

3 Buena 


— ' — — 

5 

4 

3 

2 

1 

1. 

iJBportancIa del CO ntenido 

' 

-jL 

_ - 




2. 

Organizacldn del contenldo 

A 





3. 

Partlclpacldn de los 
as! stentes 

X 





4. 

Dcuinio del tc«a por los 
recursos 

X 





5. 

Tdcnlcas y rateriales ut 1 11- 
zados en la actlvldad 

K 





6. 

Utillzacidn del tfeeyo 

K 




1 

i 

7 . 

La actlvldad satlsflzo als 
expectatlvas sobre el te»a 

\ 






Cowentarios: Ft L 

/)K U; jS-C WZ t 




c6l 




'/ F' 



0-fe 


As'<! ' 




Y4. S//C<!u . 

'<c/rc. 


^■<r^ r<^-L S7sc£s-C 9 c s*tj£ <&c- 


cc&yt F j F eLjd&lr p & t\4r\ 


£ Cc-A. ■£/£/ cc C CO F%k jfrc&CC "C SX 

dc £,s r <rh. 




AN EQUAL OPPORTUNITY EMPLOYER - MTAVH 









Dcparfamatfo d< Ingcnierfa Ciul 
FacitUad de Ittgaticrta 

Recinto Vnivcrsitano de Moyngucz 
Apart ado 5000 

Mayoguez, Puerto Rico 00681-5000 


M V : ;; x 



Civil engineering nfpmtrncnt 
li *ig in cc ring foe u Ify 


Maya gun C'vupus 
r .O Pox 50iV 

Mayatdicz, Puerto Rico 006RI 5(X)0 


HOJA DE EYAIUACICW 


lc agradecerenos cirp] Imcntcs la slyulcnte hoja de e^alyac !dn. 

fkH3r e de la Actlvldad: ~T 'ql HCa /v\t oi t 

T-lAUpU- Q-vx SU^LpJ^ 

Fcch-a: I Q ' 1^ yj IcO - 1 \ Lugar: t^p~j c - ^ ° ^y Cc v i 1 

Favor de evaluar esta actlvldad utlllzando la siyulente escala: 

5 Excel ente ?. Regular 


j> 0 H 


4 fit? v buena 


1 Deficient© 


Buena 


l. iJBportancla del contenldo 

Z. Organizacidn del contenldo 

3. Partlcipacldn de los 

asistentes 

4. Dcwlnio del te«a por ios 

recursoa 

5. Tdcnicas y nateriales utili 
zados en la actlvldad 

6. Util izacidn del tiempo 

1. La actlvldad satlsflzo mis 
expectativas sobre el tessa 


Coaentarios : 


: 1 <lc4,X dud 


5 

4 

3 

2 

1 
















v' 







|. ■ 



>/ 





\y^ 






cU 


~ym 





t iivcLcIs) -ks 

- n 

.. Al pCv'< ir\d~b r P hc\jL u dx 

O 0 S 

<r 

AID A.’va rxd o 


CaTYI 


C Cry~y~> 1 


AN ECU*! OPPORTUNITY EMPLOYER - MffVV/H 



/ngew/Vr/h Civil 


Civil Fngwccrittc Dcpwtmc ■*/ 

FacnUntf dc Ingenirrfa 

i(§0j 

/f/rgmcrriMg ram ftp 

Ra ima Univcvsitario dc Mayagiicz 

WCi-J 

y1'avn^i7rz Ca*"/ 1 '/,; 

Apartado 5(X)0 


P.O. Pr.t 5&M 

Mayagucz, Puerto Rico 0068 J ’5000 


Mayag^a, Puerto Rio % 0068 1 -5 (VO 


MIMA BE EVALUACIQn 


Is agr edecertnos cuirpl Irentes la slguicnto ho.Ja c!e evaluacldn. 
Mortore de la Actlvfdad: \aA\ev ^uodcifPg r Afr ^ cl« 

J3* » «>f pC top eon ig. \c^ 


Fee ha 


: 1 0 ~ W de ju,l'o 1 335 Lugar: I Vp^ _Xr\^ 


Favor tie evaltiar esta actlvidad utlllzando la slgulente escala: 
5 Excelente 2 Regular 


4 

3 


Huy buena 
Buena 


1 Deficfente 



* — — 

5. 1 

4 

3 

2 

1 

1. lwportancls del contenldo 

2. Organlzacldn del contenldo 

3. Partlclpacldn de los 

asistentes 

4 . Dowlnlo del tetw por los 

recursos 

5. Tdcnicas y materlales utlll- 
zados en la actlvldad 

6. Util Izacidn del tfee^jo 

7 . La actlvidad satlsflzo bIs 
expectatlvas sobre el te*w 






V^' 















✓ 
















Coaentarios: _IL I ~Vcx Ilf v despei’Vo rr\<\^ ir\\e^es fr\ mC' 

~ri\ v. f a. de -esluduo • 


AN EOUAl omonrUNITY EMPLOYEn • M/T/V/H 



Departantenlo <fe Ingenicrfa Civil 
Facullad de Ingenierfa 

Rccinto Vnivcrsitnrio de May agile 2 
Apartado 5C00 

Mayagfiez. Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Fr. cully 


Mayagfiez Campus 
r .O. Box 5000 

5 1 f 1 vv ? g tic 7 , Puerto Ric o 0068 1 5 000 


KWA DE EYAUttCIOM 


To agrsd£cerrim>$ curpHrentes Is stgulentc hojs de cvahtfsc f <$n. 
fte? 5 !brt! de Actlvldad: cKX 




M 


1 t 


Fecha: 7° ' W 


Lugar: 


/ 


& 


sy , _ /? 

i^ooA^r 




Favor de evaluar est.a actividad utlllzando la slgulente escak: 
5 Excelente 2 Regular 

4 Muy buena 1 Deficlente 

3 Ouena 



5 

4 

3 

Z 

1 

1. 

Iwportancla del contenldo 


y 




z. 

Organ Izacldn del contenldo 


y 




3. 

Partlclpacldn de los 
asistentes 


k 




4. 

Dcwlnlo del te«a por los 
recurso** 






5. 

T«§cnlcas y naterlales utlll- 
zadcs en la actividad 

-V 





6. 

Util izacldn del tlewpo 


,V 




7 . 

La actividad satlsflzo als 
expectatlvas sobre el te«a 







Coeentarios: 





F/Cclo^x 


'LstJ' FF 


(jU- s(j? yO'X 

rJ~ — — ‘ 



Ih ^fU- 


)tVci c irJ'Lf." 


u 


(Si7~rv-C-^'V^- c 'C a- 


fU 


UUulx 



KYU L 




U )>r Cu axMc-uiL^J F^v-te F yuu^ 

' / L/.^r y'// I M.sl ??< ft,? '? s */\* » 


AN & 


Of^ORTUNrTY EMPLOYER - M/T/V^H 





Departamento de Ingenicrfa Civil 
Faculiad de Ingenicrfa 

Rcunto Universitario de Mayagiicz 
A par to do 5000 

M iyagilez, Puerto Rico 00681-5000 



Civil engineering Department 
Engineering Faculty 

Maynvuez Campus 
r .O Bax 50* X) 

Mayaguc?, f actio Rico 00581-5000 


INMA DE FVALUACIOfl 


Tc agredeccrenis Ir.crftcs la slgulente boj* de evalincKn. 

Ncsbre de la Activldad: bkr. & ' * j // /' $£■?;' ’~ f t--' 


Fee ha; X? / j uXtoj Lugar; &\ de_ Fj. txf QJz LP- 

Favor de evaluar esta activldad utlllzando la sfgufente escala: 

( 5 ) Excel ente 2 Regular 

4 Muy buena 1 Deficlente 

3 Buena 


f — — — — — - — - _____ 

5 

4 

3 

Z 

1 

1- 

Ijnportancla del contenldo 

X 





z. 

Qrganlzacldn del contenldo 

X 





3. 

Partlclpacldn de los 
asistentes 

X 





4. 

Doailnlo del te«»a por los 
recursos 

X 





5. 

Tdcnlcas y awterlales util I - 
zadcs en la activldad 

X 





6. 

Utillzacldn del tlewpo 






7. 

La activldad satlsflzo nls 
expectatlvas sobre el te*a 

X 






Coaentarlos: 


~l!dhbdfic\ qx iordp/'CC xx p2P2. clOLL p-LLl id! rj(b . 

uc Op^enJ/ 2 a I (L corn to l mslddpc wo demos do^ 

— - ■ 


[n fo/rnor/o 


O QL£j2_Qfd 'lie a 


mas ~P/ die! d-f r ^,. 

t / m 


bpnr>p 


■Ho 4 




~ta^hfi ? jT) 


■or ql U s Ttop S?n'o baenn jjm csf-d. 

J 1 b/or/’- rued on dd / i-d^dd 

\T7 * 


prduecln cthninn act ref para Qua. UtOl jdvtrr s paedon 

,r D&bC>r‘ * « or '/! S' s-r, ,4 AN EOUAC ^PPOHTyNtTY CWPJ,^^ -.fl/COW ./O- Is, //*,/>* ff r* * 


p d err 

Orb'd' Ho rH - . 


Dfpartas'ttnio t ic l \geniena Civil 
FacuUad de Inge nier fa 

RccinU) Umvcrsitfuic dr Moycgiicz 
Apartado 5000 

Mayagw'z, Puerto Rico 00681 5000 


m 


Civil Engineering Drpp’tr.icnt 
engineering /-'it cully 

Moycgiicz Crr-’p'is 
i .O. Ilox 5000 

Mcyngiirz, Puerto Rice 0060 1 5 ('00 


f m.\ RE CYALt’UK'** 


In agra'1eccrt'':S cicspl tstentr’s la s I g*' ’ f .e hoja c .• eYalu*cl<$«. 
FJ'jt^rc fie la Actlvld^d: £ um du -v wtn j -<y [ ?_£. s j 


Tech?: ( 0 - 10 de tuI'o J « 1 9 9 $ 


Lugar: dtP. 


V\ | £ Y I tv 


Civil 


favor o’« evaluar esta activldad utlHzando la slgufentc escala: 
5 Excelente 2 Regular 


4 fit’y buena 
3 Buena 


1 Deficlente 


lwportancla del contenldo 

Organization del contenldo 
Parti clpacldn de los 
asistentes 

Domlnio del teavs per los 
recursos 

T^cnlcas y naterlales util 1 
zadcs en la activid’d 

Util Izacldn del tleeipo 
La actividad satlsflzo wls 
expectatlvas sobre el tow 


2 

1 








1 








AN EQUAL OPPORTUNITY EMPLOYER . M/E/V/H 




Departamento de Ingenierfa Civil 
Facultad de Ingenierfa 

Rccinto Univcrsitario de Mayaguez 
Apariado 5000 

Mayagiicz, Puerto Rico 0068 J -5000 



Civil Engineering Department 
Engineering Faculty 


Mayagdez Campus 
P.O.Box 5000 

Mayaguez, Puerto Rico 00681-5000 


HOUA DE EVALUACIOM 

Te agradecertwos cunpllnentes la slgulente boja de evaluation. 

Nos* re de la Actlvldad: Taller erk>C0 Wldft\YlgrYfc>6 

1kt£paa^._ ikmgfek ; 

Fecha: 7-(\ cWiQOftb <{(>. IQffS Lugar: t^b.- de 

Favor de evaluar csta actlvldad utlllzando la slgulente escala: 

5 Excel ente 2 Regular 

4 Muy buena 1 Deficlente 

3 Buena 



5 

4 

3 

- — — 

2 

1 

1. l»!portancia del contenldo 

2. Organlzacldn del contenldo 

3. Partlclpacldn de los 

asistentes 

4. Doalnlo del te«a por los 

recursos 

5. T£cnlcas y nateriales ut 1 11- 
zados en la actlvldad 

6. Util lzacidn del tiesipo 

7. La actlvldad satlsffzo sals 
expectatfvas sabre el te*a 

K. 





x . 










X 










_.„X_ 





X 






Coanentarlos: 


i 


AN FOHAL OPPORTUNITY EMPMTYFn - M/F/V/H 



Civil Engineering Department 
Engineering Faculty 

MayagRcz Campus 
P.O.Box 5000 

Mayaguez, Puerto Rico 00681-5000 


ItOOA DE EYAUMCIOW 


Te agradecereaos ci»*pl 1 Rentes la slgulente boja de evaluacldn. 



Favor de cyaluar esta actlyidad utllizando la slgulente escala: 
5 Excelente 2 Regular 

4 Muy buena 1 Deflclente 

3 Buena 


Departamento de Ingenierfa Civil 
Facultad de Ingenierfa 


Recinio Universitario de Mayaguez 
Apariado 5000 

Mayaguez, Puerto Rico 00681-5000 




I 


AN rot i n o''f'nnTUN!TY fMn ovrn . m/t/y/H 



Departamento de Ingenierfa Civil 
Facullad de Ingenierfa 

Recinto Univcrsilario de Mayagiicz 
Apartado 5000 

Mayagiicz, Puerto Rico 00631-5000 



Civil Engineering Department 
engineering Faculty 


Mayagiicz Campus 
P.0 . Box 5000 

Mayagiicz, Puerto Rico 00681-5000 


HOJA DE EVALlMCIOfl 


T<! agradecerewos cunpllwentes la slgulente boja de evaluscldn. 

Hosforo de la Actlvldad: f lJs-k kkJL 

J C kj S-f!L c ' ^ 


£ 






<_ jk 


Fecha: 


V-Jl Vf -95 Lugar: • /£;>> 


)*r * J m v" 


ce '/ £ 


Favor de evaluar esta actlvldad utIHzando la slgulente escala: 
5 Excelente 2 Regular 


4 

3 


Muy buena 
Buena 


1 


Def Iclente 


j 

5 

4 

3 



2 

1 

1 . 

l*portancla del contenldo 






z. 

Organization del contenldo 






3. 

PartlclpaclOn de los 
aslstentes 






4. 

Dosninio del te«a per los 
recursos 






5. 

TOcnlcas y wterlales ut 1 11- 
zados en la actlvldad 






6. 

Util Izacldn del tfespo 






7. 

La actlvldad satlsfizo sals 
expectatlvas sobre el t«aa 







Coaentarlos: t^V c C 

'f p , cCO d ~ / /c y c"^c- y y 

t'-'V o CjlZ Cs y\ j/yT ^ /^r 

J t J Ck J c- A ^ ^ * 


AN FCMAL OPTOnTlJNITY EMP! . M/r^ 


Departamento de Ingenierta Civil 
Facultad de Ingenierta 

lecinto Universitario de Mayagiiez 
Apartado 5000 

iayaguez, Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Faculty 

Mayagiiez Campus 
r.O. Box 5000 

Mayagiiez , Puerto Rico 00681-5000 


HOJA DE EVALUACIOM 


Te agradeceresws cusspl 1 rentes la slgulente hoja de evaluacldn. 


de la Actlvldad 


‘ /S C/sy' 


// 




Facha : /-// ' (j£_ Stfj ‘J~_ / : ~/(L Luqar: ^ 7(1 




r^r/v cfs/L -Ss ■ 


Favor de evaluar esta actlvldad utlllzando la slgulente escala: 
5 Excel ente 2 Regular 


4 Muy buena 
3 Buena 


Def iclente 


— - - 

5 

4 

3 

Z 

1 

1. 

Importance del contenldo 


. 




2, 

Qrganixacldn del contenldo 

V" 

' ' 




3. 

Partlclpaddn de los 
asistentes 



\/ 



4. 

Do®1nio del te«a por los 
recurso3 

V 





5. 

Tficnlcas y naterlales util 1- 
zados en la actlvldad 


>/ 




6. 

Util Izacldn del tlespo 

V 





7. 

La actlvldad satlsflzo als 
expectatlvas sobre el tessa 

V 

— J 

\ 

u ' '■ j 

1 

• 



Cooentarlos: /Ci 

/<A , 




v 


C2L /v I'? ///a /x ^ ^ 'A'/?c Af/ f /i t e? 


V 


I 


AN mu At OPPORTUNITY employer • Wm/H 




De portamento de Ingenierfa Civil 
Facullad de Ingenierfa 

Recinlo Universitario de Mayagilcz 
Apariado 5000 

Mayagucz. Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Faculty 


Mayagilcz Campus 
r.O. Box 5000 

Mayagilcz, Puerto Rico 00681-5000 


HQOA DE EVALUACJOW 


Te agradecerewos cuwplimentes la slgulente boja de evaluacldn. 

Nwnbro de la Actlvldad: ~Tcv \ \e r ^obrC ncAo m e ^~Q S dji 

ipCiCjo ■ • 

Fee ha : T - 1 1 a(\c ^ 6 Luqar: /W dU 

Favor de evaluar esta actlvldad utlHzando la slgulente escals: 

(S* Excelente 2 Regular 

4 Huy buena 1 Deflclente 

3 Buena 




5 

4 

3 

2 

1 

i. 

Importancla del contenldo 






2, 

Organlxacldn del contenldo 

/ 





3. 

Partlclpacldn de los 
asistentes 

V 





4. 

Dowlnlo del tema por los 
recurson 

/ 





5. 

Tdcnlcas y materlales utlll- 
zados en la actlvldad 

•/ 





6. 

Util Izacldn del tlesrpo 






7. 

La actlvldad satlsflzo mis 
expcctativas sobre el te«a 

V' 








Ccaentarlos: 


i 


AN EQUAL OPPORTUNITY EMPLOYE n - M/T/VA t 




Dcpartamento de Ingenierfa Civil 
Facultad de Ingenierfa 

lecinio Universitario de Mayagiicz 
Apartado 5000 

layagiiez, Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Faculty 


Mayagiicz Campus 
P.O.Box 5000 

Mayagiicz, Puerto Rico 00681-5000 


WHA DE EYALUACION 


Te agradeceraaos cuapllecntes t* slgulente hoja de evaluacldn. 

Nossbre de la Actlvldad: c\v ~T-« Nf ry~\c <■ i \ ory V ? r 

\ 1 . rn .r^rO, y 

Fecha: 7 - // HgO jo o/e Lugar: i oLO rp-t^’C ..o rk On rvr:cu L C£x> rex 

X ~ 

Favor d® evaluar esta actlvldad utlllzando la slgulente escala: 

5 Excel ente 2 Regular 

4 Mtsy buena 1 Peficlente 

3 Buena 



5 

4 

3 

2 

1 

1. 

linportancia del contenldo 






z. 

Organlzacidn del contenldo 


LS 




3. 

Partlcipacldn de los 
asistentes 






4. 

Dcwinlo del te«a por los 
recurson 






5. 

Tdcnlcas y eaterlales utlll- 
zados en la actlvldad 






6. 

Util Izacldn del tleiepo 






7. 

1 

La actlvldad satlsfizo mis 
expectativas sobre el tma 

u 






Conentarlos: 


i 


AN rnUAt n'T'ORTl JNITY FUriOYm - M/FAA 1 1 










Departamento de Ingenierfa Civil 
Facultad de Ingenierfa 

Recinto Universitario de MayagUez 
Apartado 5000 

dayagiiez, Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Faculty 

MayagUez Campus 
P.0 . Box 5000 

MayagUez . Puerto Rico 00681-5000 


IKWA DE EVALUAC ION 


Te agradecerewos cueipl 1 Rentes la sigulente hoja de evaluation. 


Nc^&re de 


la Aetlvldad: U.tUxA dj hyCCpu^A. Vfr’mi" 


r ^ , , . j 

Fee ha: "3- - M cU c^f ( ;s jo /*?<■/ T Lugar: j-U M / La c C l v '‘ L 


Favor de evaluar esta aetlvldad utllizando la slgulente escala: 
5 Excel ente 2 Regular 

4 Huy buena 1 Deflclente 

3 Buena 


1 

5 

4 

3 

Z 

1 

1 . 

Importancia del contenldo 






2. 

Organization del contenldo 






3. 

Participation de los 
aslstentes 






4. 

Doainlo del te®a por los 
recursos 


j 




5. 

Tdcnlcas y swteriales utlll- 
zados en la aetlvldad 

l/ 

I 

r ' ■' " " ] 

j 

1 




6. 

Utilization del tlespo 

i/ 





7. 

La aetlvldad satisflzo sals 
expectatlvas sobre el tessa 

V 






Co®entar1o$: f) <£f±L 'ZMh cU 


AN EQUAL OPPORTUNITY EMPLOYER - M/FWH 





Departamento de Ingenierta Civil 
Facultad de Ingenierta 

lecinto U niversitario de Mayaguez 
Apartado 5000 

iayagiiez, Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Faculty 

Mayaguez Campus 
P.O.Box 5000 

Mayagiiez, Puerto Rico 00681-5000 


imh DE EYAUMCIOH 

Te agrsdecercwos cuasplleentes la slgulente hoja de evaluacldn. 


No^fore de la Actlvidad: t—L 


/A r//-' £ / X 7jl mj? fq_ 


Feeha: /X ^ ^ Ap$t /^S Lugar: /.«£■ A jr/w» 5 u rc<^ 

J 17 

Favor de evaluar esta actlvidad utlllzando la slgulente escala: 

5 Excel ente 2 Regular 

4 Huy buena X Deficlente 

3 Buena 



5 

4 

3 

z 

1 

1. I^portancla del contenldo 

Z. Organizacldn del contenldo 

3. Participation de los 

asistentes 

4. Doalnlo del tera por los 

recursos 

5. Tdcnicas y eaterlales utlll- 
zados en la actlvidad 

6. Utilizacidn del tiesapo 

7. La actlvidad satisflzo ais 
expectativas sobre el tessa 

X 





xx 





X 





X 



’ 


X 





X 






X 





Goasentarlos: 

•97 





X? a/ TL tAj. dL. 


ML&£iL AjgJeJLL. 


~T, 


~7 


JsaaoL+jL * zztzxxc ^eB ^ 

£j&SJL 7 X 77 /XX y;/ 













1 


AN EQUAL OPPORTUNITY &* r ' WC* , M ffm\ 


Departamento de Ingenierid Civil 
Facultad de Ingenierfa 

Rccinto Universitario de Mayagiiez 
Aparicido 5000 

Mayagiiez, Puerto Rico 00681 -5000 



Civil Engineering Department 
Engineering Faculty 

Mayagiiez Campus 
P.O. Box 5000 

Mayagiiez, Puerto Rico 00681-5000 


HQ4A DE EYALWCIQH 


Te agradecerewos cuwpllmentes la siguiente hoja de evaluation. 
Koabre de la Act1»ld«d: J/'/O/i? f/P 




Fecha: 




// 2^ /?/?/? <</% Lugar; 


'/a?//? 


Favor de evaluar esta actlvldad utllizando la siguiente escala: 
5 Excel ente 2 Regular 


0 




4 Huy buena 
3 Buena 


1 


Deflclente 



5 

4 

3 

2 

1 

1. I&portancle del contenldo 

2. Organlzacldn del contenldo 

3. Participation de los 

aslstentes 

4. Dominlo del tc®a por los 

recursos 

5. TOcnicas y ma ter 1 ales utlll- 
zados en la activldad 

6. UtillzaclOn del tlesapo 

7. La activldad satlsflzo sals 
expectatlvas sobre el tessa 












v/ 





v/ 





1 




t/1 






t 

1 

i 






i 




Departamento de lngenierta Civil 
Facultad de lngenierta 

Recinto Universitario de Mayagiiez 
Apartado 5000 

Mayagiiez, Puerto Rico 00681-5000 



Civil Engineering Department 
Engineering Faculty 


Mayagiiez Campus 
P.O.BoxSm 

Mayagiiez, Puerto Rico 00681-5000 


HOJA DE EYALUACIQH 


Te agradecerewos cuapllaentes la slgulente boja de evaluacldn. 

-r/- i • TIL -A 

de la Actlvldad: LllLiz. ilkil Ll 


'l F v— 0 




Fecha: 7- /) ^ T 


Lugar: 


'K.UL-M- 


Favor de evaluar esta actlvldad utllizando la sigulente escala: 
5 Excel ente 2 Regular 


4 Huy buena 
3 Buena 


Deficlente 



5 

4 

3 

2 

1 

1. 

lisportancla del contenldo 

| 





2. 

Qrganizacldn del contenldo 

B 





3. 

Farticlpacldn de los 
asistentes 






4. 

Domini o del te»a per ios 
recursos 




• 


5. 

Tdcnlcas y wa ter 1 ales utili- 
zados en la actlvldad 


| 


! 


6. 

Utillzacldn del tieapo 

y 





7. 

La actlvldad satlsflzo «ls 
expectativas sob re el t«aa 

y 







i ~ — 

Conentarios: 


T 

ttoj- 

-j-* /( / v S'V d ( f Je> 

c -J {J y "J 1 - 

f cn> ^ y 1 

m 


/ A J c ) S d 

q/o — ^ 

& ( o . r> vj-ev d y 

^ — 7 V 

( Cv- v_t' I O 


- L " F -m -"-i/i ■ ii 

c) U Ar^ vS^I V’ ^ >** 

1 


y^«c,r J 


AN PONA* OPPORTUNITY EMPLOYER . M/T/V/H 







